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(54) METHOD FOR PRODUCING EPITAXIAL WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce an epitaxial wafer excellent in intrinsic gettering 
effect without needing additional heat treatment process. 

SOLUTION: This method for producing the epitaxial wafer comprises growing an epitaxial 
layer on the surface of the wafer which is cut out from a single crystal grown at a cooling 
rate of more than 7.3°C/min at a temperature of 1,200-1, 050°C in the pulling-up operation 
by CZ method, or further, grown at a cooling rate of less than 3.5°C/min at a temperature 
of 1,000-700°C. In this case, it is preferable that the oxygen concentration in the silicon 
wafer is regulated to more than 12x1017 atoms/cm3. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The manufacture approach of the epitaxial wafer characterized by growing up an epitaxial 
layer on the front face of the silicon wafer cut down from the silicon single crystal raised as more 
than 7.3 degrees C / min in the cooling rate in a 1200 to 1050 degrees C temperature requirement on 
the occasion of the pull-up by the Czochrlski method. 

[Claim 2] The manufacture approach of the epitaxial wafer which carries out the cooling rate in a 
1200 to 1050 degrees C temperature requirement to more than 7.3 degrees C / min in the case of the 
pull-up by the Czochrlski method, and is characterized by growing up an epitaxial layer on the front 
face of the silicon wafer cut down from the silicon single crystal subsequently raised considering the 
cooling rate in a 1000 to 700 degrees C temperature requirement as below 3.5 degrees C / min. 
[Claim 3] The manufacture approach of the silicon single crystal according to claim 1 or 2 
characterized by the oxygen density in the cut-down silicon wafer being more than 12x1017 
atoms/cm3 (ASTM'79). 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of an epitaxial wafer that 
it is obtained from the silicon single crystal by which the heat history at the time of the pull-up by the 
Czochrlski method (henceforth a "CZ process") was controlled in more detail, and the outstanding 
gettering operation can be demonstrated, about the manufacture approach of the epitaxial wafer used 
for the integrated circuit device of a semi-conductor. 
[0002] 

[Description of the Prior Art] In recent years, the accumulation densification of a silicon 
semiconductor device is progressing quickly, and the demand about the quality of the silicon wafer 
which forms a device is severe. For example, in the so-called "device active region" in which a 
device is formed on a wafer, since crystal defect metallurgy group system impurities, such as a 
rearrangement, become increase of leakage current, and the life time fall cause of a carrier, the 
circuit formed by high integration follows them on becoming detailed, and they are restricted still 
more severely. 

[0003] From the former, the wafer cut down from the silicon single crystal manufactured by the CZ 
process as an object for semiconductor devices is used. About three 1018 atoms/cm oxygen 
[******] i s usually contained in this wafer. By the heat history at the time of device formation, this 
oxygen forms a precipitation-of-oxygen nucleus, and forms crystal defects, such as a rearrangement 
and a stacking fault, however, formation according to LOCOS (local oxidation of silicon) of field 
oxide at the manufacture process of a device and a well — since it is held at about 1 100 degrees C for 
several hours at the time of formation of a diffusion layer, near the wafer front face, the so-called DZ 
layer (denuded zone) without the crystal defect around number 10 micrometers of thickness is 
formed of the out-diffusion of oxygen. Since this DZ layer became a device active region, generating 
of a crystal defect was controlled automatically. 

[0004] however, detailed-izing of a semiconductor device — following ~ a well — if high energy ion 
injection is adopted as formation and a device process comes to be performed at low temperature 
1000 degrees C or less, the above-mentioned oxygen out-diffusion will not fully happen, but DZ 
layer will no longer be formed fully near the front face. For this reason, although hypoxia- ization of 
a wafer had been performed, it was difficult to control generating of a crystal defect completely. 
[0005] Since it is such, the epitaxial wafer which grew up the epitaxial layer which does not include 
a crystal defect nearly completely on the wafer is developed, and it is mostly used to a high 
integration device. However, even if it uses an epitaxial wafer with the high integrity of a crystal, a 
device property will get worse by metal impurity contamination of the epitaxial layer in a subsequent 
device process. 

[0006] A process also becomes complicated, the opportunity increases it and effect also becomes 
large, so that accumulation carries out densification of the contamination by the impurity of such a 
metal system element. Although clean- ization of a process environment and the material of 
construction has exclusion of contamination fundamentally, it is difficult to lose completely in a 
device process, and a gettering technique is needed as the management means. This is a means to 
capture and defang the impurity element which has invaded by contamination in the location outside 
a device active region (sink). 
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[0007] As a gettering technique, there is a thing which captures an impurity element using the 
oxygen sludge of the oxygen reason by which induction is automatically carried out during heat 
treatment of a device process and which is called in thorin chic gettering (only referred to as "IG" 
intrinsic gettering and the following). However, if 1050 degrees C - 1200 degrees C elevated- 
temperature heat treatment is performed to a wafer at an epitaxial process, it will become difficult to 
fully carry out induction of the oxygen sludge with which the precipitation-of-oxygen nucleus which 
is inherent in the wafer cut down from the silicon single crystal contracts and disappears, and serves 
as a source of gettering in a wafer in a subsequent device process. For this reason, even if it applies 
this gettering technique, the problem that sufficient IG effectiveness cannot be desired to a metal 
impurity covering the whole process arises. 

[0008] The method of making it grow up to be the size in which elevated- temperature heat treatment 
to which a wafer is heat-treated at 600-900 degrees C before the epitaxial process in a device, and a 
precipitation-of-oxygen nucleus is given at an epitaxial process from the former in order to solve 
such a problem cannot disappear easily, either is proposed (for example, refer to JP,8-339024,A). 
[0009] According to the proposed approach, the size of the precipitation-of-oxygen nucleus under 
crystal is increased, and thermal stability is made to specifically increase fully by heat treatment 
before device processing. After that, even if it performs elevated-temperature heat treatment at an 
epitaxial process, it does not reduce and the precipitation-of-oxygen nucleus in a wafer does not 
disappear. And since the precipitation-of-oxygen nucleus in which after the epitaxial process 
remained forms an oxygen sludge from the initial stage of a device process and acts effectively as a 
sink of gettering, it supposes that the outstanding IG effectiveness is expectable. However, by the 
proposed approach, by the silicon wafer production process, the above-mentioned heat treatment is 
needed as a new process, and there is a problem of increasing the manufacturing cost of an epitaxial 
wafer. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the problem in the 
epitaxial wafer manufacture mentioned above, does not need a new heat treatment process after a 
pull-up of a silicon single crystal, but the thermal stability of an oxygen sludge is obtained after an 
epitaxial process, and it aims at offering the manufacture approach of an epitaxial wafer that the 
outstanding IG effectiveness can be demonstrated. 
[0011] 

[Means for Solving the Problem] In order to investigate the effect of the heat-of-crystallization 
hysteresis exerted on the thermal stability of the precipitation-of-oxygen nucleus by which the 
cooling rate at the time of a pull-up of the silicon single crystal by the CZ process was formed into 
the single crystal, this invention persons used the silicon single crystal of diameter 4", and conducted 
the modification experiment of the pull-up rate in a process the middle. 

[0012] the approach of a concrete experiment — carrying out — coming out — the body section is 
raised to die length of 500mm by 1 .0 mm/min, and it pulls up at the time with a die length of 
500mm, and a pull-up rate changes a rate to 0.5 mm/min, 1.6 mm/min, or 2.0 mm/min, and raises it 
to die length of 550mm. A tail diaphragm is performed and raising is ended, after returning a pull-up 
rate to 1.0 mm/min and raising to 850mm as it is again after that. 

[0013] Thus, the raised single crystal is annealed [ to a low temperature side ] from the temperature 
at the time of moderation initiation in the temperature requirement around 100 degrees C, when a 
pull-up rate is slowed down with modification of a pull-up rate, and on the other hand, when a pull- 
up rate is accelerated, it will quench [ to a low temperature side ] it from the temperature at the time 
of accelerating initiation in the temperature requirement around 100 degrees C. It investigated about 
the thermal stability of the oxygen sludge formed by the pull-up by the CZ process by starting a 
sample from the part cooled among single crystals after the pull-up in the 1400-600-degree C 
temperature requirement, processing 1 100 degree-Cxl6hr as elevated-temperature heat treatment, 
and measuring the number of the defect by which induction was carried out by heat treatment. 
[0014] It is drawing in which pulling up with the defect density by which induction was carried out 
by heat treatment by the modification experiment of the pull-up rate in a process, and showing 
relation with the temperature at the time of rate modification initiation while drawing 1 being based 
on a CZ process, the case where a pull-up rate is changed into 0.5 mm/min from 1 .0 mm/min in 
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drawing 1 R> 1 — A crystal (annealing) and the case where it similarly changes into 1.6 mm/min 
from 1.0 mm/min — B crystal (quenching) — further — C crystal (quenching) shows the case where it 
changes into 2.0 mm/min from 1.0 mm/min. 

[0015] From the result shown in drawing 1 , by quenching a 1200 to 1050 degrees C temperature 
requirement shows that the defect density by which induction is carried out by heat treatment, i.e., 
the consistency of an oxygen sludge, increases remarkably. If B crystal is compared with C crystal at 
this time, defect density will increase [ the direction of C crystal which serves as quenching 
processing more ]. Furthermore, by annealing a 1000 to 700 degrees C temperature requirement 
shows that the consistency of an oxygen sludge stabilizes and increases. 

[0016] It is completed based on the knowledge acquired by the pull-up rate modification experiment 
by the CZ process mentioned above, and this invention relates to the manufacture approach of the 
epitaxial wafer obtained from the silicon single crystal which the heat history was controlled by the 
CZ process and was able to be pulled up. Specifically, the manufacture approach of the epitaxial 
wafer indicated by said claims 1-3 is made into the summary. 

[0017] The manufacture approach of the epitaxial wafer indicated by claim 1 is characterized by 
growing up an epitaxial layer on the front face of the silicon wafer cut down from the silicon single 
crystal raised as more than 7.3 degrees C / min in the cooling rate in a 1200 to 1050 degrees C 
temperature requirement on the occasion of the pull-up by the CZ process (henceforth "the 1st 
approach"). 

[0018] It is because the defective number by which induction is carried out can increase and limiting 
the temperature requirement cooled in the case of a pull-up with 1200 to 1050 degrees C can 
increase the consistency of an oxygen sludge by heat treatment by quenching this temperature 
requirement so that clearly from the result of said drawing 1 . Thereby, the outstanding IG 
effectiveness is demonstrated. 

[0019] Furthermore, the cooling rate secured with B crystal by above-mentioned pull-up rate 
modification trial has specified the cooling rate as quenching 7.3 degrees C / more than min, and it is 
checking that sufficient cooling effect is demonstrated. Furthermore, it is desirable to consider as 
quenching 8.5 degrees C / more than min with the cooling rate secured with C crystal. 
[0020] By the 1st approach, by quenching in a 1200 to 1050 degrees C temperature requirement 7.3 
degrees C / above min in the case of a pull-up, condensation of the hole incorporated by the solid- 
liquid interface can be prevented, and the concentration of a residual hole can be kept high. Since the 
free energy which a precipitation-of-oxygen nucleus forms falls and growth of a precipitation-of- 
oxygen nucleus is started from a hot temperature field rather than before by this, the thermal stability 
of the precipitation-of-oxygen nucleus itself can fully generate an oxygen sludge also in heat 
treatment of the device process after increase and epitaxial growth. 

[0021] Therefore, by the 1st approach, the IG effectiveness can fully be demonstrated from the initial 
stage of a device process, without newly giving a heat treatment process before an epitaxial process 
by growing up an epitaxial layer on the front face of the silicon wafer cut down from the silicon 
single crystal by which the heat history was controlled as above-mentioned. 

[0022] The manufacture approach of the epitaxial wafer indicated by claim 2 The cooling rate in a 
1200 to 1050 degrees C temperature requirement is carried out to more than 7.3 degrees C / min in 
the case of the pull-up by the CZ process. Subsequently, it is characterized by growing up an 
epitaxial layer on the front face of the silicon wafer cut down from the silicon single crystal raised as 
below 3.5 degrees C / min in the cooling rate in a 1000 to 700 degrees C temperature requirement 
(henceforth "the 2nd approach"). 

[0023] The operation as cooling by the 1st approach with the same quenching in a 1200 to 1050 
degrees C [ which is specified at a before process among the cooling processes controlled in the case 
of a pull-up ] temperature requirement and effectiveness are demonstrated. Furthermore, it is because 
supposing that it cools slowly in a 1000 to 700 degrees C [ which is specified at degree process ] 
temperature requirement can grow up the nucleated precipitation-of-oxygen nucleus from the result 
of said drawing 1 and you can make it stabilized more. 

[0024] The cooling rate in a 1000 to [ above-mentioned ] 700 degrees C temperature requirement is 
specified as annealing below 3.5 degrees C / min because sufficient annealing effectiveness to be 
stabilized and increase the consistency of an oxygen sludge based on the pull-up rate modification 
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trial of said drawing 1 is demonstrated. 

[0025] Even if it is the 2nd approach, even if it does not newly give a heat treatment process like the 
1st manufacture approach by growing up an epitaxial layer, a precipitation-of-oxygen nucleus does 
not contract and disappear by epitaxial processing on the front face of the silicon wafer cut down 
from the silicon single crystal by which the heat history was controlled as mentioned above. 
[0026] The manufacture approach of the epitaxial wafer indicated by claim 3 is characterized by 
carrying out the oxygen density in the cut-down silicon wafer more than 12x1017 atoms/cm3 
(ASTM'79) in the 1st and 2nd approach of the above. 

[0027] Although the oxygen of predetermined concentration is contained in the silicon single crystal 
manufactured by the CZ process, when the oxygen densities to contain run short, wafer 
reinforcement falls remarkably or there is a case where it becomes impossible to demonstrate 
sufficient IG effectiveness. Therefore, it is desirable to carry out an oxygen density more than 
12x1017 atoms/cm3 (ASTM'79) so that precipitation-of-oxygen nuclear stability can be effectively 
secured by the 1st and 2nd approach. 
[0028] 

[Embodiment of the Invention] By the manufacture approach of the epitaxial wafer of this invention, 
the cooling rate in a specific temperature requirement is specified to the silicon single crystal which 
can be pulled up by the CZ process as the heat history. Although there are various approaches in 
adding this heat history to a silicon single crystal in the case of a pull-up, it becomes possible by, for 
example, optimizing the heat-shield material used by the manufacturing installation by the CZ 
process. 

[0029] Drawing 2 is drawing explaining the configuration of the manufacturing installation of the 
silicon single crystal by the CZ process used by this invention. Crucible 1 is allotted to the center 
position of equipment and it consists of container lmade from graphite b by which fitting was 
carried out to container lmade from quartz a, and this outside. The heating heater 2 is arranged in the 
periphery of crucible 1 by concentric circle tubed, and the melt 3 by which melting was carried out at 
this heating heater is held in crucible 1 . The pull-up shaft 4 equips with seed crystal 5 above crucible 
1, and is installed in it possible [ rotation and rise and fall ], and a single crystal 6 is grown up from 
the lower limit of seed crystal 5. And the single crystal 6 raised is surrounded and the heat-shield 
material 7 is arranged. - 

[0030] Drawing 3 is drawing showing the example which optimized heat-shield material. Since this 
is attained, the single crystal which can be pulled up can be made to quench in a 1200 degrees C - 
1050 degrees C temperature requirement by making a cooling dome 8 include in the heat-shield 
material 7, and circulating the coolant, as shown in drawing 3 although [ the 1st approach ] quenched 
in a 1200 to 1050 degrees C temperature requirement. 

[0031] Drawing 4 is drawing showing other examples which optimized heat-shield material. The 2nd 
approach is carried out as cooling slowly in a 1000 to 700 degrees C temperature requirement in 
addition to the 1st approach. As shown in drawing 4 , by making a cooling dome 8 include in the 
heat-shield material 7, raising a cooling rate by circulating the coolant in a 1200 degrees C - 1050 
degrees C temperature requirement, and making thin further the heat insulator of the heat-shield 
material 7, the amount of thermal radiation from a heater 2 is made to increase, and the cooling rate 
in the 1000 degrees C - 700 degrees C temperature requirement of a silicon single crystal is lowered. 
Thus, by choosing optimization of heat-shield material, the cooling rate of a 1200 degrees C - 1050 
degrees C temperature requirement can be carried out 7.3 degrees C / more than min, and the cooling 
rate in a 1000 degrees C - 700 degrees C temperature requirement can be made coincidence at below 
3.5 degrees C / min. 

[0032] By the manufacture approach of the epitaxial wafer of this invention, the silicon single crystal 
with which the heat history was controlled by the pull-up by the CZ process is cut down, and it 
considers as a wafer, and suppose the front face that an epitaxial layer is formed after polish and 
washing. In the manufacture approach of this invention, in case an epitaxial layer is grown up, if it is 
the formation approaches of an epitaxial layer without a crystal defect, such as a thermal 
decomposition method of vapor growth, it can apply to the wafer front face which cut down the 
above-mentioned single crystal by any approaches. 
[0033] 
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[Example] In order to check the effectiveness of this invention, it examined based on the following 
examples 1-3. However, the contents of this invention are not limited to these examples. 
(Example 1) An example 1 is an example of a comparison from which it separated from the 
conditions specified by the 1st and 2nd approach, and manufactured the silicon single crystal of 8 
inches and p mold (100) using the manufacturing installation shown in said drawing 2 . The 
conditions at the time of a pull-up set the cooling rate in a 1200 to 1050 degrees C temperature 
requirement to 2.5 degrees C / min, and, subsequently the initial oxygen density under crystal was 
taken as 13.9x1017 atoms/cm3 (ASTM79) by setting the cooling rate in a 1000 to 700 degrees C 
temperature requirement to 1 .2 degrees C / min. 

[0034] The wafer was cut down from the manufactured single crystal, and after surface polish and 
washing, deposition temperature grew up the epitaxial layer on the conditions which are 1 150 
degrees C, and considered as the wafer of a sample 1. Next, these wafers were heat-treated at 1000 
degrees C in 16 hours, cleavage of the wafer was carried out, the light etching reagent performed 
selective etching for 5 minutes, the etching pit consistency was counted with the optical microscope, 
and the defect density of the heat treatment induction formed into the wafer was measured. These 
measurement results are shown in Table 1 . 
[0035] 
[Table 1] 
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Since [ which the cooling rate in a 1200 degrees C - 1050 degrees C temperature requirement 
specifies as 2.5 degrees C / min ] it was out of range, the sample 1 was that to which most oxygen 
sludges are not observed and defect density does not reach the minimum limit of detection of an 
optical microscope (<lxl02). 

(Example 2) In the example 2, in order to check the effectiveness of the 1st approach, the silicon 
single crystal of 8 inches and p mold (100) was manufactured using the single crystal manufacturing 
installation which used the heat-shield material shown in drawing 3 . The initial oxygen density 
under crystal was taken [ ****** ] as 2 of a hypoxia level (sample 2) and a hyperoxia level (sample 
3) levels as the cooling rate in the 1200 to 1050 degrees C temperature requirement at the time of a 
pull-up and the cooling rate in a 1000 to 700 degrees C temperature requirement were shown in 
Table 1 . The oxygen density and cooling rate at this time are shown in Table 1 . 
[0036] The wafer was cut down from the manufactured single crystal, the epitaxial layer was grown 
up after surface polish and washing on the conditions whose deposition temperature is 1 150 degrees 
C, and the defect density of the heat treatment induction formed into the wafer was measured like the 
example 1 . These measurement results are shown in Table 1 . 

[0037] Samples 2 and 3 were able to obtain sufficient defect density as compared with the sample 1 . 
of an example 1. Furthermore, when samples 2 and 3 are compared, as for the sample 3 whose initial 
oxygen density is more than 12x1017 atoms/cm3 (ASTM79), it turns out that the defect density of 
heat treatment induction serves as 2.8x1 04-/cm2, and the stable oxygen sludge is obtained. 
(Example 3) In the example 3, in order to check the effectiveness of the 2nd approach, the silicon 
single crystal of 8 inches and p mold (100) was manufactured using the single crystal manufacturing 
installation which used the heat-shield material shown in drawing 4 . The initial oxygen density 
under crystal was taken [******] as 2 of a hypoxia level (sample 4) and a hyperoxia level (sample 
5) levels as the cooling rate in the 1200 to 1050 degrees C temperature requirement at the time of a 
pull-up and the cooling rate in a 1000 to 700 degrees C temperature requirement were shown in 
Table 1. The oxygen density and cooling rate at this time are shown in Table 1. 
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[0038] The wafer was cut down from the manufactured single crystal, the epitaxial layer was grown 
up after surface polish and washing on the conditions whose deposition temperature is 1 150 degrees 
C, and the defect density of the heat treatment induction formed into the wafer was measured like the 
example 1. These measurement results are shown in Table 1. 

[0039] The samples 4 and 5 by the 2nd approach can make the defect density of heat treatment 
induction increase, if the effect of an initial oxygen density is removed compared with the samples 2 
and 3 by the 1st approach. Furthermore, when samples 4 and 5 are compared, as for the sample 5 
whose initial oxygen density is more than 12x1017 atoms/cm3 (ASTM79), it turns out that the 
defect density of heat treatment induction serves as 5.4x1 04-/cm2, the stable oxygen sludge is 
obtained, and sufficient IG effectiveness is demonstrated. 
[0040] 

[Effect of the Invention] According to the manufacture approach of the epitaxial wafer of this 
invention, a new heat treatment process is not needed after a pull-up of a silicon single crystal, but 
the thermal stability of an oxygen sludge is obtained after an epitaxial process, and the epitaxial 
wafer which can demonstrate the outstanding IG effectiveness can be manufactured. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s _ ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing in which pulling up with the defect density by which induction was carried 
out by heat treatment by the modification experiment of the pull-up rate in a process, and showing 
relation with the temperature at the time of rate modification initiation while being based on a CZ 
process. 

[Drawing 2] It is drawing explaining the configuration of the manufacturing installation of the 
silicon single crystal by the CZ process used by this invention. 

[Drawing 3] It is drawing showing the example which optimized heat-shield material. 

[Drawing 4] It is drawing showing other examples which optimized heat-shield material. 

[Description of Notations] 

1 : Crucible la: Container made from a quartz 

lb: Container made from a graphite 2: Heating heater 

3: Melt 4: Pull-up shaft 

5: Seed crystal 6: Single crystal 

7: Heat-shield material 8: Cooling dome 

[Translation done.] 
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[Drawing 2] 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/28/2006 



JP,2002-012498,A [DRAWINGS] 



Page 2 of 2 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/28/2006 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2002-01 2498 

(43)Date of publication of application : 15.01.2002 



(5 Dint CI. 




C30B 29/06 
C30B 23/02 
C30B 25/18 
H01L 21/208 




(21)Application number 


: 2000-190631 


(71)Applicant : 


SUMITOMO METAL IND LTD 


(22)Date of filing: 


26.06.2000 


(72)Inventor : 


ONO TOSHIAKI 
TANAKA TADAMI 
ASAYAMA HIDEKAZU 
NISHIKAWA HIDESHI 
HORAI MASATAKA 



(54) METHOD FOR PRODUCING EPITAXIAL WAFER 

(57)Abstract 

PROBLEM TO BE SOLVED: To produce an epitaxial wafer excellent in intrinsic gettering effect without needing additional 
heat treatment process. 

SOLUTION: This method for producing the epitaxial wafer comprises growing an epitaxial layer on the surface of the wafer 
which is cut out from a single crystal grown at a cooling rate of more than 7.3° C/min at a temperature of 1,200-1,050° C 
in the pulling-up operation by CZ method, or further, grown at a cooling rate of less than 3.5° C/min at a temperature of 
1,000-700° C. In this case, it is preferable that the oxygen concentration in the silicon wafer is regulated to more than 12 x 
1017 atoms/cm3. 
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